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a  b  s  t  r  a  c  t
The  role of  interleukin  IL-4, IL-10  and  interferon  gamma  cytokines  on  natural  Fasciola
hepatica  infection  was  investigated  by  quantifying  the  mRNA  levels  in  liver  tissue  from
chronically  infected  cattle.  IL-4  and  IL-10  had  higher  expression  relative  to interferon
gamma  in  the  liver  tissue  of  infected  animals  when  compared  with  the  control  group.  The
higher  levels  of  IL-10  and  IL-4  observed  in  the  present  study  suggest  a synergism  between
these  cytokines,  as  well  as involvement  in the  suppression  of  TH1  cell  responses  and  a con-
sequent  induction  of  decreased  interferon  gamma  expression  in  chronic  cattle  fascioliasis.
The cytokine  ratios  were  positively  correlated,  indicating  a predominance  of  IL-4 in  the
chronic  phase  of infection  with  respect  to  interferon  gamma  and  IL-10.  Interferon  gammaxpression relative
attle
nfection
was predominant  expressed  in  the  controls,  suggesting  the involvement  of  IL-10  in mod-
ulating  the  immune  response  in  favor  of IL-4  in infected  animals.  Our  results  suggest  that
the TH2 polarized  host  immune  response  previously  observed  in experimental  infection
may  also  be responsible  for establishing  chronic  phase  and  the  maintenance  of the  natural
infection  of cattle  from  endemic  areas  that  are  in  continuous  contact  with  parasite.
© 2013 Elsevier B.V. All rights reserved.. Introduction
Fasciola hepatica is a helminth parasite of the bile ducts
f various vertebrate hosts, including humans, and is
urrently considered as an emerging zoonosis (Mas-Coma
t al., 2005). This helminth has a worldwide distribution
nd is considered the most important trematode parasite
f domestic ruminants, as it is responsible for signiﬁcant
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ttp://dx.doi.org/10.1016/j.vetpar.2013.03.035economic losses of cattle and sheep herds. The losses due
to parasitism in these animals are attributed primarily to
the loss of livers in abattoirs, secondary bacterial infec-
tions, loss of production, delayed animal growth, costly
anthelminthic treatment and losses due to animal morbid-
ity and mortality (Bostelmann et al., 2000). The infection
persistence and weather conditions may  inﬂuence par-
asite epidemiology. Since a natural infection can last for
prolonged periods especially in cattle, moving infected
animals to unaffected regions associated to favorable
environmental conditions may  contribute to the emer-
gence of new areas of occurrence of fasciolosis (Lima et al.,
ry Paras178 E.A. Mendes et al. / Veterina
2009). However, even in the absence of infected cattle’s
movement in some regions, climate change is predicted to
increase the incidence of F. hepatica through more favorable
conditions for the intermediate host (Fox et al., 2011).
In Fasciola infection, there are important differences rel-
ative to pathological and immunological aspects among
the species of vertebrate hosts. Some hosts such as the
sheep, rabbit, rat and mouse, are more permissive. In oth-
ers as cattle and humans, few ﬂukes survive beyond the
migratory phase and biliary disease is relatively rare. Heavy
burdens cause more severe pathology and earlier termi-
nation by death and smaller infections generally have a
more protracted course (Behm and Sangster, 1999). The
mechanisms involved in the immune response of verte-
brate hosts show that the parasite uses strategies that
allow its development and survival, thereby maintaining
the infection. The interactions involved in modulating the
immune response during infection result in cellular and
tissue changes, which are particularly associated with the
biochemical characteristics of the parasite during different
stages of its development, as well as localized responses of
the vertebrate host (Zhang et al., 2005).
During the course of infection, a humoral response is
accompanied by an increase in eosinophil recruitment and
the proliferation of lymphocytes, which, in response to
parasite antigens, act by stimulating cytokine production.
Studies on the involvement of cytokines show high levels
of interleukin IL-4 that are associated with a decrease in
interferon IFN- production, suggesting that during fasci-
oliasis, as in other helminth infections, the induction of the
T cell response is biased toward the polarization of subtype
TH2 (Oldham and Willams, 1985; Brown et al., 1994; Clery
et al., 1996; Clery and Mulcahy, 1998; Moreau et al., 1998;
Brady et al., 1999; Mulcahy et al., 1999; Tliba et al., 2002;
Waldvogel et al., 2004; Ingale et al., 2008). However, most
studies showing that the parasite is capable of suppressing
the production of cytokines of the TH1 type and promoting
establishment of the TH2 response are based on experi-
mental infection (O’Neill et al., 2000; Flynn et al., 2010).
Therefore, more detailed studies on the T cell response and
the role of cytokines in cattle fascioliasis are still required.
The present study aimed to evaluate the expression of
cytokines in the liver tissue of naturally infected cattle dur-
ing the chronic phase of infection using real time PCR. These
animals were from endemic area and they were in con-
tinuous contact with the parasite. Therefore, this model is
ideal for understanding the response that determines the
maintenance of infection for long periods of time.
2. Materials and methods
2.1. Obtaining liver tissue
Bovines livers of six animals of Nelore breed, both sexes
(4 females and 2 males), with an average weight of 450
Kg and approximately 30 months with chronic lesions and
characterized by ﬁbrosis, thickening of the bile ducts and
the presence of F. hepatica were obtained during slaugh-
ter at the Atílio Vivácqua Slaughterhouse (“Abatedouro
Atílio Vivácqua”), located in the municipality of Cachoeiro
de Itapemirim, in the state of Espírito Santo (ES), Brasil.itology 195 (2013) 177– 182
This Slaughterhouse is under the control of the Institute
of Agricultural and Forest Defense of Espírito Santo (“Insti-
tuto de Defesa Agropecuária e Florestal do Espírito Santo”
– IDAF) and was registered in the State Inspection System
(“Sistema de Inspec¸ ão Estadual”) under No. 080. Fragments
of approximately 2 cm2 were collected from the surface
and internal areas free of lesions of right lobule because
the largest number of lesions was  observed in this lobule.
The biliary vesicle and bile were also collected to diag-
nosis of eggs of the parasite. The patent infection was
conﬁrmed by presence of parasites in bile duct, eggs in the
bile and macroscopic lesions and the results were summary
in Table 2. The livers of four uninfected cattle (3 females
and 1 male) were obtained after slaughter at the Curvelo
Slaughterhouse (“Abatedouro de Curvelo”), in the state of
Minas Gerais (MG), which is an F. hepatica-free zone. After
removal, the liver fragments were immersed separately
in 15-ml Falcon tubes containing 5 ml of TRIzol® reagent
(InvitrogenTM Life Technologies, Brasil). Then, the samples
were stored in liquid nitrogen and transported to the Lab-
oratory of Cell Biology and Biotechnological Innovation at
the Ezequiel Dias Foundation (“Fundac¸ ão Ezequiel Dias”
– FUNED, Brazil), where total RNA extractions were per-
formed.
2.2. Extraction of total RNA
The fragments of liver tissues were ground with a mor-
tar and pestle and liquid nitrogen, and 1 ml  of TRIzol®
reagent was subsequently added and the RNA extrac-
tion following conformed manufacture instructions. The
concentration and quality of the RNA preparation was
estimated by readings in a spectrophotometer (Nanovue
PlusTM) at 260 and 280 nm,  and the calculations of the
260/280 nm ratios were obtained.
2.3. qRT-PCR
The primer pairs for gene expression analysis of the IFN-
, IL-4, IL-10 genes and the constitutively expressed GAPDH
gene in the liver tissue of cattle were designed based on
sequences from the literature (Table 1) (Waldvogel et al.,
2004; Konnai et al., 2003; Buza et al., 2004). The GAPDH
gene was used to normalize the gene expression data. The
primers were synthesized by InvitrogenTM Life Technolo-
gies, Brazil.
The Kit SuperScript® III, Platinum® 129 SYBR Green
One-Step qRT-PCR (InvitrogenTM Life Technologies, Brazil)
was  used for the qRT-PCR reaction. The following reagents
were used for each reaction: 0.2 l of SuperScript® III
RT/Platinum® Taq Mix  with RNase (RNase OUT) included,
5 l of SYBR® 132 Green Reaction Buffer Mix, 1 l of
forward primer, 1 l of reverse primer, 0.02 l of ROX,
0.28 l of DEPC treated water and 2.5 l of the RNA sample.
134 The ampliﬁcations were performed in triplicate. All
reactions were subjected to the same analysis conditions
and were normalized by the signal of the ROX passive ref-
erence dye to correct reading ﬂuctuations due to changes
in volume and evaporation during the reaction. The results
were expressed as 2-(Ct) multiplied by 1000 for easier
viewing. The values of the relative amounts obtained using
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Table  1
Primers used for the analysis of bovine target genes by qRT-PCR.
Genes Sequences Ampliﬁed product size (bp) Accession number
IFN-a F - 3′ CAGCTCTGAGGAAACTGGAGGACTT 5′
R - 3′ TGGCTTTGCGCTGGATCT 5′
77 281237
IL-4a F - 3′ CATGCATGGAGCTGCCTGTA 5′
R - 3′ AATTCCAACCCTGCAGAAGGT 5′
83 280824
IL-10b F - 3′ TGCTGGATGACTTTAAGGGTTACC 5′
R - 3′ TCATTTCCGACAAGGCTTGG 5′
186 00799
GAPDHc F - 3′ GGCGTGAACCACGAGAAGTATAA 5′































ta primer sequences obtained from Waldvogel et al., 2004.
b primer sequences obtained from Konnai et al., 2003.
c primer sequences obtained from Buza et al., 2004.
 standard curve were grouped by infected and control
nimals. The ratios of the expression of each evaluated
ytokine were obtained.
.4. Statistical analysis
The qRT-PCR products were subjected to ﬂuorescence
eadings by the 7500 real-time PCR (Applied Biosystems)
quipment at each ampliﬁcation cycle and subsequently
nalyzed using Sequence Detection Software (SDS) v 2.0.1
Applied Biosystems). The relative expression of each
ene and the ratios of the cytokines were compared
etween groups using the GraphPad Prism 5.0 software.
irst, all data were checked for normality of distribu-
ion by Kolmogorov–Smirnov test. Parametric data were
ompared using T-test and non-parametric were analyzed
sing Mann–Whitney test. Pearson’s correlation was also
omputed to investigate associations between Il-4 and
L-10 expression levels. The differences were considered
tatistically signiﬁcant at p ≤ 0.05.
. Results
.1. Characterization of infection and lesions observed on
iver and bile duct
The characterization of infection and lesions observed
n each animal are summarized in Table 2. Parasites and
ggs were found in the bile ducts and bile from the liver of
ll animals indicating that the infection is patent. The eggs
ere separated from bile and identiﬁed in the laboratory
f Veterinary Helminthology, ICB-UFMG, Brazil. All seven
ndicators of F. hepatica were observed in livers 1, 4, 5 and
. However, despite the presence of bleeding, parasites
able 2
he presence (+) and absence (−) of parasites, eggs and lesions observed in the li
he  Slaughter house Atilio Vivácqua.
Animals Fibrosis Necrosis Bleeding Duct hyper
1 + + + + 
2  − − + − 
3  − − + − 
4  + + + + 
5  + + + + 
6  + + + + and eggs in livers 2 and 3, no sign of ﬁbrosis, necrosis,
calciﬁcation or duct hyperplasma was observed
3.2. Expression of IFN- , IL-4 and IL-10
Fig. 1 shows the qRT-PCR results of the expression of
IFN-, IL-4 and IL-10 in the liver tissue of animals infected
with F. hepatica. The relative amount of the IFN- expres-
sion levels revealed that this cytokine was decreased in
the liver tissue of infected cattle compared to controls.
The comparative expression of IFN- in relation to the
GAPDH endogenous control gene was signiﬁcantly differ-
ent (p = 0.0228) between groups. The mean values showed
that the expression of IFN- was  5.6 times lower in the
infected animals compared to control animals. The expres-
sion of IL-4 was higher in the liver tissue of infected
animals than in the liver tissues of control animals. A signif-
icant difference was  observed between the groups tested
(p = 0.0095). In the control animals, the expression of IL-4
was 5.9 times lower than in the infected animals. The result
for IL-10 was similar to IL-4. There was higher expression
of IL-10 in the liver tissue of infected cattle compared to
control animals, with a signiﬁcant difference between the
groups tested (p = 0.0381). The expression of IL-10 was  3.9
times lower in the control group compared to the infected
group.
3.3. Ratio and correlation of cytokine expression levels
The ratios between the mean expression of each
cytokine represented in Fig. 2 showed that the IL-4/IFN-
ratio was  36.4 times higher in the infected group com-
pared to the control group, and the difference between
these groups was  signiﬁcant (p = 0.0011), thus indicating
a predominance of IL-4 compared to IFN- in the infected
ver of cattle naturally infected with Fasciola hepatica during slaughter in
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 natural
 to norFig. 1. Comparative expression of IFN-, IL-4 and IL-10 in the liver tissue of
qRT-PCRs for the constitutively expressed GAPDH gene were performed
represented by values of p ≤ 0.05.
animals. The IFN-/IL-10 ratio was 13 times higher in the
control group compared to the IFN-/IL-10 ratio in the
infected group, indicating a predominance of IFN- over IL-
10 in control animals, and this difference was statistically
signiﬁcant (p = 0.0075).
Because both IL-4 and IL-10 expression are increased
in the livers of infected animals, we performed a cor-
relation test between these cytokines. We  found an
r2 = 0.8394 (p = 0.0102) indicating that there is a positive
linear relationship between the increased expression of
Fig. 2. Ratios between the relative amounts of IL-4/IFN- and IFN-/IL-10 in the
Values  represent the mean ± SD. Signiﬁcant differences are represented by the valy infected cattle with chronic fascioliasis. Values represent the mean ± SD.
malize the expression of the cytokine genes. Signiﬁcant differences are
both cytokines in the liver of infected animals (Fig. 3).
Furthermore, the two  animals without ﬁbrosis, necrosis,
hyperplasia and calciﬁcation of the ducts had the lowest
values of IL-4 and IL-10 expression.
4. DiscussionIt is well established that the activation of T cells, which
determines the cytokine proﬁle, is a critical event that is
able to direct the outcome of infections (Maizels et al.,
 liver tissue mRNA of cattle naturally infected with chronic fascioliasis.
lue of p ≤ 0.05.
E.A. Mendes et al. / Veterinary Parasi
Fig. 3. Correlations between the expression of the mRNAs of IL-4 and
IL-10 in the liver of bovines presenting Fasciola hepatica infection. Pear-
son’s correlation indexes (r and p-values) are shown on the graphs
while connecting lines illustrate positive and negative correlation indexes.





































wionships between the expressions of cytokines. Highlighted in gray are
nfected animals with no ﬁbrosis, necrosis, hyperplasia and calciﬁcation
f the ducts.
004; Anthony et al., 2007). It has been shown that many
elminth infections are typically characterized by TH2 lym-
hocyte responses (Finkelman et al., 1991). During the
ourse of its evolution, F. hepatica has created interac-
ions that allow its survival and persistence in the host.
o ensure the survival of both the parasite and the host,
he interactions of the parasite with the vertebrate host
equire immunomodulatory mechanisms capable of inter-
ering with the host immune and inﬂammatory responses
hat occur during infection. Among the various strategies
dopted by the parasite that allow its development in the
ertebrate host, the modulation of the TH2 cell response is
elated to the production of cytokines responsible for the
athophysiology of infection (Rojo-Vázquez et al., 2012).
The role of cytokines in the natural infection of cattle in
he chronic phase of fascioliasis highlights the importance
f the cellular response and demonstrates that humoral
echanisms alone are not sufﬁcient to promote the pro-
ection of the host.
The involvement of the cytokines IFN-, IL-4 and IL-
0 evaluated in the present study using qRT-PCR, which
as high speciﬁcity and sensitivity, enabled a comparative
nalysis of the expression of these genes in the liver tis-
ue of naturally infected cattle during the chronic phase
f fascioliasis. We  found suppression of IFN- expression
n infected animals. Other authors have reported similar
esults in peripheral blood during acute and chronic phases
f fascioliasis in naturally and experimentally infected cat-
le (Clery et al., 1996; Clery and Mulcahy, 1998; Waldvogel
t al., 2004; Flynn et al., 2007; Ingale et al., 2008; Flynn
 Mulcahy, 2008). Like these authors, we suggest that the
evels of IFN- present in the host response during the ﬁrst
eeks after infection result in a negative modulation dur-
ng the chronic stage. We  speculate that to prevent the
ytotoxic action of IFN- in the initial stage of infection,
hich leads to the production of nitric oxide and its reactivetology 195 (2013) 177– 182 181
agents that interfere with the parasite in the peritoneal cav-
ity (Cervi et al., 1998; Flynn et al., 2007), the parasite modi-
ﬁes the antigens expressed in its tegument. This effect leads
to a modulation of the response and possibly stimulates
the production of cytokines, which inhibit the expression of
IFN-. Helminths are able to develop mechanisms of escap-
ing the host immune response; Maizels et al. (2004) called
these parasites “masters of immunomodulation”. With
reduced levels of IFN-, the parasites can survive. Thus,
reducing IFN- expression is one of the escape mechanisms
that contribute to their continued development and the
subsequent maintenance of infection. This aspect proves
to be relevant for understanding the role of IFN-, and
especially IL-4 and IL-10, in liver tissue during the chronic
phase of natural infection in cattle. IL-4 is an anti inﬂam-
matory cytokine that also stimulates the differentiation of
lymphocytes into TH2 cells, contributing to the develop-
ment of ﬁbrosis and the consequent repair of lesions that
were formed during the migration and feeding of the par-
asite (MacDonald et al., 2002; Mendes et al., 2012). The
occurrence of ﬁbrosis minimizes the severity of damage to
the hepatic parenchyma. This aspect possibly contributes
to the maintenance of infection for long periods while the
parasite continues its development and travels to the bile
ducts. In the ducts, the parasite increases in size, reaches
maturity and begins the production and elimination of eggs
in the host’s feces. The increased expression of IL-4 likely
controls the effects of IFN- helps control the number of
parasites that reach the parenchyma and develop into adult
worms. A role of IL-4 in this cross regulation of IFN- pro-
duction was  suggested because F. hepatica infection did not
suppress the B. pertussis-speciﬁc IFN- responses in IL-4
defective mice (Brady et al., 1999). An analysis of cytokine
production by antigen stimulated spleen cells of F. hepat-
ica infected mice showed that these are predominantly of
the TH2 type, production of IL-4, IL-5 and IL-10 but little
or no IFN- (O’Neill et al., 2000). This is consistent with
immunological observations in cattle which show that in
the early stages of infections mixed TH1 and TH2 responses
were observed but as infection progresses, a TH2 response
predominates (Mulcahy et al., 1999).
We also observed increased expression of IL-10, a
cytokine produced in response to antigens released by
immature parasites during migration to the hepatic
parenchyma (Brown et al., 1994). As demonstrated by Flynn
& Mulcahy (2008), our data also support the hypothesis of
the involvement of this cytokine in the inhibition of IFN-
during the chronic phase of infection in cattle conﬁrming by
IFN- IL-10 ratio (Fig. 2). The elevated levels of IL-10 and
IL-4 in the tissues of the infected animals in the present
study showed positive correlation suggesting synergism
between these cytokines (Fig. 3).
We speculate that the synergy between IL-4 and IL-10
is probably associated with ﬁbrosis contributing to host
survival and maintenance of infection. Studies have shown
the involvement of cytokines produced by TH2 lympho-
cytes as IL-4, IL-5 and IL-13 in formation of granuloma
in Schistosoma mansoni infection and liver ﬁbrosis pro-
gression (De Jesus et al., 2004). The macroscopic changes
observed in the livers were consistent with the expression
increased of IL-10 and IL-4. It occurred mainly in livers
ry Paras182 E.A. Mendes et al. / Veterina
from animal with ﬁbrosis, necrosis, hemorrhage, and
duct calciﬁcation and hyperplasia. We  demonstrated that
a TH2-polarized response predominates in chronically
infected animals, suggesting that maintenance of natural
infection is associated with elevated IL-4 and IL-10 levels.
Besides the cytokines analyzed, it is important to note that
TGF-B has also been demonstrated as an important factor
in immunomodulation and probably the establishment of
ﬁbrosis in animals infected with F. hepatica (Hac¸ ariz et al.,
2009).
What can be observed in cattle naturally infected by
F. hepatica is a balance between the expression levels
of IFN-, IL-4 and IL-10 in the liver tissue conﬁrming
the predominance of TH2 response in naturally infected
animals from an endemic area. This balance aids in
anti-parasite defenses, “monitoring” fascioliasis progres-
sion and survival of the vertebrate host, which can
remain in continuous contact with these parasites for
prolonged periods of time. Together, these results are
important to complement previous works indicating that
new researches should be made to evaluation of role IL-4
and IL-10 in F. hepatica infection.
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